Introduction
The existence of alkaline-earth dinitridoborate halides, (AE) 2 [BN 2 ]Cl (AE ¼ Ca, Sr) as double salts comprising both linear [N--B--N] 3À and spherical halide anions, was first reported by Meyer [1] . Almost simultaneously, Rohrer and Nesper started systematic investigations on the quasi-ternary system MX 2 /M 3 N 2 /BN (M ¼ Ca, Sr, Ba, Eu; X ¼ F, Cl, I) which led to a series of novel compounds M 2 [BN 2 ]X (M ¼ Mg, Ca, Sr, Ba; X ¼ F, Cl, Br, I) and Ba 8 [BN 2 ] 5 F revealing a surprising variety of structural arrangements [2] [3] [4] [5] [6] [7] . These studies were completed by the recent investigations on magnesium nitridoborate halides resulting in three novel compounds with the chemical compositions Mg 2 [BN 2 ]X (X ¼ Cl, Br) and Mg 8 [BN 2 ] 5 I [8, 9] . An interesting detail is that, although being isostoichiometric, only very few members of the M 2 [BN 2 ]X family are isostructural. The structural variety is due to complex packing effects and can be understood as a compromise for stacking spherically shaped halide and the rod-like nitridoborate anions in a reasonable manner. The common structural guideline in all these compounds is the distinct separation between the substructures of halide and dinitridoborate moieties. The local structures of the alkaline-earth metals around the halogen atoms show a broad range of coordination numbers, between tetrahedral (CN4) for the small fluorides and CN(10 þ 2) for the large iodides (Mg 8 [BN 2 ] 5 I), respectively. The coordination observed in chlorides varies between CN4 for Ba 2 [BN 2 ]Cl [2, 6] and CN7 for Mg 2 [BN 2 ]Cl [8] . As a result of strong packing effects and cation-anion interactions in the crystal structure, the [N--B--N] 3À units are showing significant deviations from linearity (ffN--B--N ¼ 167-180
). The lo-cal arrangement around the dinitridoborate anions is usually built up by 6 (trigonal prism or antiprism) nearest neighbours but can be extended to 7 or 8, when larger cations are present. 2 ]I is well characterized, but unlike Sr, Eu can exhibit both the oxidation states þ2 and þ3. Hence, its insertion into the crystal structure might lead to the formation of new phases with interesting physical properties in which Eu is mixed valent or in þ3 state. In the present study, quasi-ternary systems Sr 2 N/SrBr 2 /BN and EuN/EuX 2 /BN (X ¼ Br, I) were investigated by means of X-ray crystal structure analyses, magnetic susceptibility measurements and vibrational spectroscopy and the results are discussed in detail. Results of the crystal structure investigation of Eu 2 [BN 2 ]Br were reported separately [7] .
Experimental Synthesis
Due to the air and moisture sensitivity of europium (II) halides and products, all manipulations such as grinding, weighing and sample preparations for measurements as well as the storage of the reactants and the products were carried out in an Argon-filled glove-box (O 2 [10] and SrBr 2 in ratio 1 : 1 (sample mass ¼ 500 mg) and the binaries EuN, h-BN and EuX 2 in ratio 3 : 2 : 1.1 (sample mass ¼ 400 mg; X ¼ Br, I), respectively. The slight surplus (ca. 10%) of SrBr 2 and EuX 2 (X ¼ Br, I) is necessary to compensate for losses due to a chemical reaction with the crucible material. The educts were transferred into niobium ampoules, which were sealed by arc-welding and in turn jacketed in argon-filled quartz ampoules. The samples were heated to 1223 K (1) and 1273 K (2, 3) within 6 h, annealed for 24 h and cooled down to room temperature within 8 h. In the case of Eu compounds, the reaction ampoules were slightly swollen due to the formation of nitrogen gas accord-
). At elevated temperatures the excess nitrogen undergoes a nitridation reaction with the Ta crucible and is chemically "trapped" on the inner wall of the container. Accordingly, the ampoules showed no signs of internal overpressure when opened after the reaction.
All three compounds are sensitive to air and moisture. The phase purity of the final products was analyzed using X-ray powder diffraction method revealing in the case of (1) almost single phase sample (Fig. 1) , while (2) and (3) could be obtained in high yield (Fig. 2) 2 ]I were refined from single-crystal X-ray diffraction data which were collected at room temperature on a Rigaku AFC7 four circle diffractometer equipped with a Mercury-CCD detector (MoK a radiation, graphite monochromator). After data collection the structures were solved by direct methods, using SHELXS-97 [11] and refined by using the full-matrix least-squares procedure with SHELXL-97 [12] .
Due to the lack of suitable single crystals, the crystal structure of Sr 2 [BN 2 ]Br was refined from X-ray powder diffraction data using the Rietveld method. The X-ray diffraction pattern ( Fig. 1 ) was obtained by X-ray Guinier diffraction technique (Huber G670 camera, CuK a 1 radiation, l ¼ 1.54056 A, graphite monochromator, 5 2q 100 ,
). The Rietveld refinement was performed using the WinCSD program package [13] .
Details concerning to the data collection and structure refinement of Sr 2 [BN 2 ]Br (1) and Eu 2 [BN 2 ]I (3) are summarized in Table 1. Tables 2 and 3 contain the atomic coordinates and displacement parameters for (1) and (3). Data for Eu 2 [BN 2 ]Br were already published [7] , but interatomic distances are tabulated in this work for comparison. Tables 4 and 5 show the most important bond lengths and bond angles for all three compounds.
Vibrational spectroscopy
FT-Raman measurements were carried out on powdered samples sealed in pyrex tubes (1 ¼ 4 mm) with a Bruker 
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RFS 100/S spectrometer (Nd: YAG-Laser, 1064 nm, 200 mW). The FT-IR spectra were recorded from KBr pellets using a Jasco FT-IR-600 spectrometer.
Magnetic susceptibility measurements
The magnetization measurements of samples of (2) and (3) were performed with a SQUID magnetometer (MPMS XL-7, Quantum Design) between 1.9 K and 400 K with magnetic flux densities between 0.01 and 7 T. An isothermal magnetization curve up to 7 T was recorded for T ¼ 1.8 K. For the measurements, the samples were sealed inside pre-calibrated thin-walled quartz tubes under a Hegas pressure of 400 mbar. [14] and can be interpreted as a filled variant of the anti-NaCrS 2 (S 2 CrNa) type of structure [15] with Sr (Eu), Br, and B at S, Cr, and Na positions, respectively. The crystal structure (Fig. 3 ) is characterized by (N--B--N (1), 3.2478(4) A (2) ), form- (2) . Furthermore, in all of the hitherto known nitridoborate halides, the two differently shaped anions were spatially strictly separated. However, the crystal structure refinement for Eu 2 [BN 2 ]Br indicates that -because of the very similar cationic environments -a partial mutual replacement of the two moieties is possible [7] . Based on the model described, the degree of disorder was established for Eu 2 (Fig. 4) . The bond lengths for the two crystallographically (4) A, respectively. The bond angles vary slightly: ff(N3--B1--N4) ¼ 179 (3) and ff(N1--B2--N2) ¼ 177 (3) . (3)) and hint for ferromagnetic interactions of the nearest-neighbouring Eu moments. At lower temperatures anomalies indicating possibly the antiferromagnetic ordering of the Eu moments are found (at 9.7(1) K (2) and 7.3(1) K (3)). In the sample of (2) also an anomaly hinting for a ferromagnetic phase transition at about 70 K is seen which can be explained by the presence of small amounts of strongly ferromagnetic EuO. No such anomaly is present in the sample of (3). In addi- tion, in the sample of (2) there are several smaller anomalies (kinks in the low-field susceptibility data, Fig. 5 , lower inset) hinting for the presence of minor amounts of other magnetic (Eu-containing) phases.
Results and discussion
U 12 ¼ U 23 ¼ 0
ff(N--B--N) 180
The isothermal magnetization curves of the samples of (2) and (3) recorded at T ¼ 1.9 K (Fig. 5 upper inset) show no significant field hysteresis. The magnetic moment saturates at fields above 3 T (2) and 2 T (3), respectively. However, for both samples the magnetization saturates for magnetic moments well below the expected 2 Â 7 m B . This indicates the presence of significant amounts of non-magnetic impurities in the samples, especially in the sample of (3). Since this impurity has obviously been missed in the X-ray powder diffraction analysis, it is most probably badly crystallized BN.
For both compounds (2) and (3), we can however conclude that the contained europium is stable divalent with 4f 7 configuration.
Vibrational spectra
The vibrational spectra (Fig. 6) 
The existence of the symmetry center applies for the mutual exclusion, so that n 1 (S g ) will be observed solely in the Raman spectrum while n 2 (S u ) and double-degenerate n 3 (P u ) appear exclusively in IR.
In the crystal structures of (1) and (2) 3À moieties occupying the sites m--C s . This has two major consequences: Due to the symmetry reduction from D 1h ! C s , the mutual exclusion will be abolished for all three modes -becoming now active in both spectra -and the double degenerate n 3 (P u ) splits up. In addition, the existence of two distinct [BN 2 ] 3À groups will give rise to two equal sets of modes differing only slightly but significantly in their wavenumbers. Furthermore, the unit cell contains -with Z ¼ 4 --two pairs of crystallographically distinct [BN 2 ] units which may give rise to additional band splitting (factor group splitting) and, thus, to strongly patterned spectra.
As expected, the vibrational spectra of (Fig. 6 top, center) . Both the sym- antisymmetric (B--N) (1) and (2) is compatible with the effective charge model reported in [16, 18] . The model also predicts that f(B--N) for Eu 2 groups. The (B--N) frequencies and force constants compare well with those of the known nitridoborates and nitridoborate halides.
